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METHOD AND SYSTEM FOR DNA SEQUENCE 
DETERMINATION AND MUTATION DETECTION 



DESCRIPTION 

I- BACKGROUND OF THE INVENTION 

This invention relates to a method and system of nucleotide sequence determination 
and mutation detection in a subject nucleic acid molecule for use with automated 
electrophoresis detection apparatus. 

One of the steps in nucleotide sequence determination of a subject nucleic acid polymer 
is interpretation of the pattern of oligonucleotide fragments which results from electrophoretic 
separation of fragments of the subject nucleic acid polymer (the "fragment pattern"). The 
interpretation of the fragment pattern, colloquially known as "base-calling," results in 
determination of the order of four nucleotide bases. A (adenine), C (cytosine), G (guanine) and 
T (thymine) for DNA or U (uracil) for RNA in the subject nucleic acid polymer. 

In the earliest method of base-calling, a method which is still commonly employed, the 
subject nucleic acid polymer is labeled with a radioactive isotope and cither Maxam and Gilbert 
chemical sequencing (Proc. Natl. Acad. Sci. USA, 74: 560-564 ( 1 977)) or Sanger ct al. chain 
teimination sequencing (Proc. Natl. Acad. Sci. USA 74: 5463-5467 ( 1 977)) is performed. The 
resulting four samples of nucleic acid fragments (terminating in A, C, G. or T(U) respectively 
in the Sanger et al. method) arc loaded into separate loading sites at the top end of an 
electrophoresis gel. An electric field is applied across the gel, and the fragments migrate 
through the gel. During this electrophoresis, the gel acts as a separation matrix. The frag- 
ments, which in each sample are of an extended scries of discrete sizes, separate into bands of 
discrete species in a channel along the length of the gel. Shorter fragments generally move 
more quickly than larger fragments. After a suitable separation period, the electrophoresis is 
stopped. The gel may now be exposed to radiation sensitive film for the generation of an 
autoradiograph. The pattern of radiation detected on the autoradiograph is a fixed 
representation of the fragment pattern. A researcher then manually base-calls the order of 
fragments from the fragment pattern by identifying the stepwise sequence of the order of bands 
across the four channels. 
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More recently, with the advent of the Human Genome Organization and its massive 
project to sequence the entire human genome, researchers have been turning to automated 
DNA sequencers to process vast amounts of DNA sequence information. Existing automated 
DNA sequencers are available from Applied Biosystems, Inc. (Foster City, CA), Pharmacia 
Biotech, Inc. (Piscataway, NJ), Li-Cor, Inc. (Lincoln, NE), Molecular Dynamics, Inc. 
(Sunnyvale, CA) and Visible Genetics Inc. (Toronto). Automated DNA sequencer* are 
basically electrophoresis apparatuses with detection systems which detect the presence of a 
detectable molecule as it passes through a detection zone. Each of these apparatus, therefore, 
are capable of real time detection of migrating bands of oligonucleotide fragments; the 
fragment patterns consist of a time based record of fluorescence emissions or other detectable 
signals from each individual electrophoresis channel. They do not require the cumbcrcomc 
autoradiography methods of the earliest technologies to generate a fragment pattern. 

The prior art techniques for computer-assisted base-calling for use in automated DNA 
sequencers are exemplified by the method of the Pharmacia A.L.F.™ sequencer. 
Oligonucleotide fragments are labeled with a fluorescent molecule such as fluorescein prior to 
the sequencing reactions. Sanger ct al. sequencing is performed and samples are loaded into 
the top end of an electrophoresis gel. Under electrophoresis the bands of species separate, and 
a laser at the bottom end of the gel causes the fragments to fluoresce as they pass through a 
detection zone. The fragment patterns are a record of fluorescence emissions from each 
channel. In general each fragment pattern includes a series of sharp peaks and low, flat plains; 
the peaks representing the passage of a band of oligonucleotide fragments; the plains 
representing the absence of such bands. 

To perform computer-assisted base-calling, the A.L.F. system executes at least four 
discrete functions: 1) it smooths the raw data with a band-pass frequency filter, 2) it 
identifies successive maxima in each data stream; 3) it aligns the smoothed data from each of 
the four channels into an aligned data stream; and 4) it determines the order of the successive 
maxima with respect to the aligned data stream. The alignment process used in the apparatus 
depends on the existence of very little variability between the lanes of the gel. In this case, the 
fragment patterns from each lane can be superimposed by alignment to a presumed starting 
point in each pattern to provide a record of a continuous, non-overlapping scries of sharp 
peaks, each peak representing a one nucleotide step in the subject nucleic acid. Where a 
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distinct ordering of peaks can not be made, the computer identifies the presence of ambiguities 
and fails to identify a sequence. 

Other published methods of computer-assisted base-calling include the methods 
disclosed by Tibbetts and Bowling (US Pat. No. 5,365,455) and Dam et al (US Pat. No. 
5 5, 1 1 93 1 6) which patents are incorporated herein by reference. Tibbetts and Bowling disclose 
a method and system which relies on the second derivative of the peak slopes to smooth the 
data. The second derivative is used to provide an informative variable and an intensity variable 
to determine the nucleic acid sequence coiresponding to the subject nucleic acid polymer. 
Dam et al. disclose a method of combining peak shapes from two signal spectrums derived 
1 0 from the same electrophoresis channel to determine the order of nucleotides in the subject 
nucleic acid polymer. 

Three practical problems face all existing methods and systems of base-calling. The 
first is the inability to align shifted lanes of data. If the signal from the related data streams 
does not begin at approximately the same time, it is difficult, if not impossible, for these 

1 5 techniques to determine the correct alignment. Secondly, it is a challenge to resolve "com- 
pressions" in the fragment pattern: those anomalies wherein the signal from two or more 
nucleotides in a row are not distinguishabiy separated as compared to other nucleotides in the 
general vicinity. Compressions result most often from short hairpin loops at the end of a 
fragment which cause altered gel mobility features. The third problem is the inability to 

20 identify nucleotide sequences beyond the limits of single nucleotide resolution. Larger 
fragments tend to need longer electrophoresis runs to separate into discrete bands of 
fragments, in part because a one nucleotide addition to a 300 nt fragment is less significant than 
a one nucleotide addition to a 25 nt fragment. The limit of resolution is reached when 
individual bands can not be usefully distinguished. 

25 All of these problems limit th6 most crucial aspects of base-calling, which are speed, 

read-length and accuracy. Read-length is the number of fragment bands which can be 
identified from the fragment pattern. Greater read-length provides greater information about 
the DNA sequence in question. Accuracy measures the number of base-calling errors. 
Frequent errors are unacceptable since they alter the biological meaning of the DNA sequence 

30 in question. And, as described below, if DNA sequence determination is to be used as a tool 
for diagnostic purposes, base-calling errors can lead to misdiagnosis. 
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The advent of DNA sequence-based diagnosis provides new opportunities for improved 
speed, accuracy and read-length in computer-assisted base-calling. DNA sequence-based 
diagnosis is the routine sequencing of patient DNA to identify genotype and/or specific gene 
sequences of the patient, wherein the DNA sequence is reported back to the physician and 
patient in order to assist in diagnosis and treatment of patient conditions. One of the great 
advantages of DNA sequence-based diagnosis is that the DNA sequence being examined is 
largely known. As demonstrated by the instant invention, it is possible to use the known 
fragment pattern for each DNA sequence to assist in the interpretation of the fragment pattern 
obtained from a patient sample to obtain improved read-length and accuracy. It can also be 
used to increase the speed of sample analysis. 

It is an object of the instant invention to provide a method and system for nucleotide 
sequence determination and mutation detection which can be used with DNA sequence-based 
diagnosis. 

It is a further object of the instant invention to provide a method and system for 
nucleotide sequence determination and mutation detection when the fragment pattern 
demonstrates localized compressions. 

It is a further object of the instant invention to provide a method and system for 
nucleotide sequence determination and mutation detection when the fragment pattern docs not 
provide single nucleotide resolution. 

It is a further object of the instant invention to provide a method and system of 
cofnputcr-assisted base-calling which can be used with fragment pattern records from high 
speed clectrophoretic separations which demonstrate less than ideal separation characteristics. 

H. SUMMARY OF THE INVENTION 

These and other objects of the invention arc realized by the application of a novel 
approach to the normalization of experimental fragment patterns for nucleic acid polymers 
having putatively known sequences. In this method, at least one raw fragment pattern is 
obtained for the experimental sample. The raw fragment pattern represents the positions of 
a selected nucleic acid base within the polymer as a function of migration time or distance. 
This raw fragment pattern is conditioned asing conventional baseline correction and noise 
reduction technique to yield a clean fragment pattern. The clean fragment pattern is then 
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evaluated to determine one or more "normalization coefficients." These normalization 
coefficients reflect the displacement, stretching or shrinking, and rate of stretching or shrinking 
of the clean fragment, or segments thereof, which arc necessary to obtain a suitably high 
degree of coirelation between the clean fragment pattern and a standard fragment pattern 
which represents the positions of the selected nucleic acid base within a standard polymer 
actually having the known sequence as a function of migration time or distance. The normali- 
zation coefficients are then applied to the clean fragment pattern to produce a normalized 
fragment pattern which is used for base-calling in a conventional manner. 

In applying the present invention to the evaluation of nucleic acid polymers of 
putatively known sequence to the detection of wcll-charactcrizcd mutations in which one base 
is substituted for another at a constant site in the gene, it will generally be sufficient to 
determine normalization coefficients for a single fragment pattern reflecting the positions of 
either the normal or mutant base within the nucleic acid polymer. For more general applica- 
tions, however, it is desirable to determine separate normalization coefficients for each of the 
four oligonucleotide fragment patterns obtained for the sample by correlating them with four 
standard fragment patterns. 

The method of the invention is advantageously implemented in an apparatus comprising 
a computer processor programmed to determine normalization coefficients for an experimental 
fragment pattern. This computer may be separate from the electrophoresis apparatus, or part 
of an integrated unit. 

HI. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates the effect of background subtraction and band-pass frequency 
filtration on the appearance of data. 

Figs. 2A, 2B, and 2C illustrates the correlation method of instant invention. 

Figs. 3 A, 3B and 3C illustrate the effect of increasing the number of segments into 
which the sample data is divided. 

Fig. 4 is a plot of preferred correlation shift against data point number. 

Figs. 5 A and 5B illustrate alignment of data windows. 

Fig. 6 shows the process of "reproduction" using Genetic Algorithms. 
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Fig. 7 shows a binaiy genotype useful for finding values for a the coefficients of a 
second-order polynomial using Genetic Algorithms. 

Fig. 8 illustrates the exercise of base-calling of aligned data, as obtained lrom a 
Pharmacia A.L.F.™ and processed using HELIOS™ software. 
5 Figs. 9A and 9B illustrate a sequencing compression. 

Fig. 10 illustrates a cross correlogram which plots maximum correlation against data 
point number of shifted Origin across the entire length of sample and standard fragment 
patterns. 

Fig. 1 1 shows an apparatus in accordance with the invention. 

10 

IV. DETAILED DESCRIPTION OF THE INVENTION 

The instant invention is designed to work with DN A sequence-based diagnosis or any 
other sequencing environment involving nucleotide sequence determination and/or mutation 
detection for the same region of DNA in a plurality of individual DNA-containing samples 

15 (human or otherwise). This "diagnostic environment" is unlike the vast majority of DNA 
sequence determination now occurring in which researchers arc attempting to make an initial 
determination of the nucleotide sequence of unknown regions of DNA. DNA sequence-based 
diagnosis in which the DNA sequence of a patient gene is determined is one example of a 
technique performed within a diagnostic environment to which the present invention is 

20 applicable. Other examples include identification of pathogenic bacteria or viruses, DNA 
fingerprinting, plant and animal identification, etc. 

The present invention provides a method for normalization of experimental fragment 
patterns for nucleic acid polymers with putatively known sequences which enhances the ability 
to interpret the information found in the fragment patterns. In this method, at least one raw 

25 fragment pattern is obtained for the experimental sample. As used in the specification and 
claims hereof, the term "raw fragment pattern" refers to a data set representing the positions 
of one selected nucleic acid base within the experimental polymer as a function of migration 
time or distance. Preferred raw fragment patterns which may be processed using the present 
invention include raw data collected using the fluorescence detection apparatus of automated 

30 DNA sequencers. However, the present invention is applicable to any data set which reflects 
the separation of oligonucleotide fragments in space or time, including real time fragment 
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patteras using any type of detector, for example a polarization detector as described in US 
Patent Application No. 08/387,272 filed February 13, 1995 and incorporated herein by 
reference; densitometer traces of autoradiographs or stained gels; traces from laser-scanned 
gels containing fluorescently-tagged oligonucleotides; and fragment patterns from samples 
separated by mass spectrometiy. 

This raw fragment pattern is conditioned, for example using conventional baseline 
correction and noise reduction technique to yield a "clean fragment pattern." As is known in 
the art, three methods of signal processing commonly used arc background subtraction, low 
frequency filtration and high frequency filtration. 

Background subtraction eliminates the minimum constant noise recorded by the 
detector. The background is calculated as a measure of the minimum signal obtained over a 
selected number of data points. This measure differs from low frequency filtration which 
eliminates low period variations in signal that may result from variable laser intensity, etc. 

High frequency filtration eliminates the small variations in signal intensity that occur 
over highly localized areas of signal. The result after base-line subtraction is a band-pass filter 
applied to the frequency domain: 



F\f)=e /V (l-e f-'^) 



where w determines the low-frequency cutoff, and o determines the high frequency cutoff, 
respectively. Fig. 1 illustrates the effect of background subtraction, low and high frequency 
filtration on the appearance of data from a Visible Genetics MicroGcnc Blaster™, resulting 
in a clean fragment pattern useful in the invention. 

In accordance with the present invention, a "clean fragment pattern" may be obtained 
by the application of these signal-processing techniques singly or in any combination. In 
addition, other signal processing techniques may be employed to obtained comparable clean 
fragment patterns.without departing from the present invention. 

One note of caution concerning this conditioning step is the finding that signal 
conditioning or pre-processing may delete features of consequence in the preparation of the 
clean fragment pattern. It is possible to include a feedback mechanism in the system which 
adjusts the parameters of the filter mechanisms, based on the analysis of the degree of 
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correlation, described below. The feedback mechanism adjusts the types of filters employed 
in signal processing to provide the maximum information about the subject nucleic acid 
sequence. 

The next step in the method of the present invention is the comparison of the clean 
fragment pattern with a standard fragment pattern to determine one or more "normalization 
coefficients." The use of a "standard fragment pattern" takes advantage of the fact that in a 
diagnostic environment, there is a known fragment pattern that is expected from each test 
sample. As used in the specification and claims of this application, the terni "standard fragment 
pattern" refers to a typical fragment pattern which results from sequencing a particular known 
region of DNA using the same technique as the experimental technique being employed. Thus, 
a standard fragment pattern may be a time-based fluorescence emission record as obtained 
from an automated DNA sequencer, or it may be another representation of the separated 
fragment pattern. 

A standard fragment pattern used in the present invention includes all the less-than- 
ideal characteristics of nucleotide separation that may be associated with sequencing of any 
particular region of DNA. A standard fragment pattern may also tend to be idiosyncratic with 
the electrophoresis apparatus employed, the reaction conditions employed in sequencing and 
other factors. Fig. 2A illustrates a standard fragment pattern for the T lane of the first 260 
nucleotides from the universal primer of pUC 18 prepared using Scqucnasc 2.0 (United States 
Biochemical, Cleveland) and detected on a Visible Genetics Microgenc Blaster(tm). Four 
standard fragment patterns, one for each nucleotide, makes up the standard fragment pattern 
set for a particular nucleic acid polymer. 

A standard fragment pattern or fragment pattern set for a particular nucleic acid 
polymer may be generated by various methods. One such method is to obtain several to 
several hundred actual fragment patterns for the DNA sequence in question from samples 
wherein the DNA sequence is already known. From these trial runs, a human operator may 
select the trial run that Is found to be the most typical fragment pattern. Because of slight gel 
or sample anomalies, and other anomalies, different fragment patterns may have slightly 
different separation characteristics, and slightly different peak amplitudes etc. The selected 
pattern generally should not show discrete peaks in an area where compressions and overlaps 
are regularly found. Similarly, the selected pattern generally must not shew discrete separation 
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of bases beyond the average single nucleotide resolution limit of the electrophoresis instrument 
used. An alternative method to select a standard fragment pattern is to generate a 
mathematically averaged result from a combination of the trial runs. As described 
below, the main use of the standard fragment pattern is as a basis for modifying and 
5 normalizing an experimental fragment pattern to enhance the reliability of the interpretation of 
the experimental data. Thus, the standard fragment pattern is not used as a comparator for 
identifying deviations from the expected or "normal" sequence, and in fact is used in a manner 
which assumes that the experimental sequence will conform to the expected sequence. 

A feature of the standard fragment pattern which is important for some uses is that it 
1 0 results in a minimum of (and preferably no) ambiguities in base-calling when combined with 
the standard fragment patterns from the three other sequencing channels. The human operator 
may prefer to empirically determine which fragment patterns from which lanes work best 
together in order to determine the standard fragment patterns for each sequencing lane. 

Additionally, it is well known in the art that a range of alleles for any gene may be 
15 present in a population. To be most useful, a standard fragment pattern should result from 
sequencing the dominant allele of a given population. Because of this, for some applications 
of the invention, multiple standard fragment patterns may exist for a specific gene, even within 
a single experimental environment. 

A standard fragment pattern may be used in different ways to provide improved 
20 read-length, accuracy and speed of sample analysis. These improvements rely on comparison 
of an experimental sample fragment pattern with the standard fragment pattern to determine 
one or rhorc "normalization coefficients" for the particular experimental fragment pattern. 

The normalization coefficients reflect the displacement, stretching or shrinking, and rate 
of stretching or shrinking of the clean fragment pattern, or segments thereof, which arc 
25 necessary to obtain a suitably high degree of correlation between the clean fragment pattern 
and a standard fragment pattern which represents the positions of the selected nucleic acid base 
within a standard polymer actually having the known sequence as a function of migration time 
or distance. The normalization coefficients are then applied to the clean fragment pattern to 
produce a normalized fragment pattern which is used for base-calling in a conventional manner. 

The process of comparing the clean fragment pattern and the standard fragment pattern 
to arrive at normalization coefficients can be carried out in any number of ways without 
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departing from the present invention. In general, suitable processes involve consideration of 
a number of trial normalization s, and selection of the trial normalization which achieves the 
best fit in the model being employed. Several, non-limiting examples of useful comparison 
procedures are set forth below. The procedures result in the development of normalization 
5 coefficients which, when applied to an experimental fragment pattern, shift, stretch or shrink 
the experimental fragment pattern to achieve a high degree of overlap with the standard 
fragment pattern. 

It will be understood, that the theoretical goal of achieving an exact overlap between 
an experimental fragment pattern and a standard fragment pattern may not be realistically 

10 achievable in practice, nor are repetitive and time consuming calculations to obtain perfect 
normalization necessary to the successful use of the invention. Thus, the term "high degree 
of normalization" refers to the maximization of the normalization which is achievable within 
practical constraints. As a general rule, a point-for-point correlation coefficient calculated for 
normalized fragment patterns and the corresponding standard fragment pattern of at least 0.8 

15 is desirable, while a correlation coefficient of at least 0.95 is preferred. 

Fig. 2 illustrates one correlation method of instant invention. Fig. 2A illustrates a clean 
fragment pattern obtained using a Visible Genetics MicroGcnc Blaster™. The signal records 
the T lane of a pUC18 sequencing run over the first 260 nucleotides (nt) of the subject nucleic 
acid molecule. The Y axis is an arbitrary representation of signal intensity; the X axis 

20 represents a time of 0 to 5 minutes. In the sequencing run shown, the peaks are cleanly 
separated. 

Fig. 2B represents the standard fragment pattern for the T lane of the first 260 
nucleotides from the universal primer of pUCl 8 prepared using Sequenasc 2.0 (United States 
Biochemical, Cleveland) and detected on a Visible Genetics Microgene Blaster(tm). The 
25 standard sequence was selected by a human operator as the most typical fragment pattern from 
25 trial runs. 

The experimental fragment pattern of Fig. 2A may be compared with the standard 
fragment pattern of Fig. 2B according to the equation: 
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M-l 

.fa)og(x)= £ f\m)g[x+m) 
m=0 



where fix) and g(x) are two discrete functions, x = 0, \2 M-l, f is the complex conjugate, 

and M is one less than the sum of the data points in ftx) and g(x). Alternatively, the equation 
may be described as 

5 COR(ll,2I) 

inNextStep™ programming environment, where 1 1 = the experimental fragment pattern, and 
21 = standard fragment pattern. 

Fig. 2C shows the correlation values of the entire window of Lane A against the entire 
window of Lane B as lane A is translated relative to lane B. (As the window is shifted, it 
10 effectively wraps around, such that the End and Origin points appear to be side by side). The 
result shows maximum correlation at point P which corresponds to a preferred correlation shift 
of +40 data points. 

Fig. 2 illustrates comparison of a complete experimental fragment pattern and a 
complete standard fragment pattern. In this case, the only normalization coefficient determined 

1 5 is the shift which results in the highest level of correlation. This simple model, however, lacks 
the robustness which is needed for general applicability. Thus for most purposes, a more 
complex analysis is required to obtain good normalization. 

One way to take in to account the experimental variability in migration rate caused by 
inconsistency of sample preparation chemistry, sample loading, gel material, gel thickness, 

20 electric field density, clamping/securing of gel in instrument, detection rate and other aspects 
of the electrophoresis process is to assign the data points of the clean fragment pattern to one 
or more segments or "windows." Each window includes an empirically determined number of 
data points, generally in the range of 100 to 10000 data points. Windows may be of variable 
size within a given data series, if desired. The starting data point of each window is designated 

25 Origin; the final data point in a window is designated End. Each window of the experimental 
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fragment pattern is then compared with a comparable number of data points making up the 
standard fragment using the same procedure described above. 

Figs 3A and 3B illustrate the effect of increasing the number of segments or windows 
into which the experimental data is divided. In Fig. 3A, the experimental fragment pattern 

5 from Fig. 2A was divided into three windows, and each was evaluated individually. Instead 
of the single oftset of +40 data points found using a single window, the use of three windows 
results in an increasing degree of shift throughout the run. i.e., +24, +34 and +50 in the 
successive windows reading from right to left. Fig. 3B shows the use of five windows on the 
same experimental fragment, and results in even clearer resolution, with successive shifts of 

10 +16. +23. +35, +48, and +51 for the windows. Simply put, the consequence of too few 
windows is a lack of precision in shifting information. This may cause problems in base-calling 
aligned data. It is therefore desirable to use more than one window in the correlation process. 

When more than one window is used in the analysis as illustrated in Fig 3, it may 
1 5 become necessary to stretch or shrink some windows to obtain a continuous stream of data in 
the correlated data and to obtain a sufficiently high correlation. To calculate stretch or shrink 
("elasticity") for a window where a plurality of windows arc defined, one can use an "elasticity 
plot" of preferred correlation shift against data point number (Fig. 4). An increased number 
of windows increases the number of points on the elasticity plot, allowing more accurate 
20 determination of the slope and offset of the alignment line. 

It has been found experimentally that in an elasticity plot, a linear equation representing 
the least mean square fit adequately represents the data. In this case the linear equation 



25 



fix) = mx + b 

will satisfy the line, where m is the slope of the line and b is the Y intercept ("offset") expressed 
in number of data points. The equation of the line is used to shift the sample data where the 
value at shifted(i) of the shifted data is given by: 
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shifted(i) = sample(i) +((samplc(i) * m) + b) 
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Note that as illustrated in Fig. 5 when the peaks identified in the sample window (Lane 
B) do not align with the standard data (Lane A), (Fig 5A) they may be aligned for analysis 
purposes by padding the elastically shifted data with zeros when the formula produces values 
outside of the sample data's range (Fig. 5B). 

5 While the use of multiple windows increases the accuracy of the alignment, a potential 

problem arises when too many windows arc used. As illustrated in Fig. 4C, when windows 
include too few features, the correlation between the data and the window and the standard 
fragment pattern becomes meaningless. In Fig. 4C, window size has dropped below 1 000 data 
points. One window which includes a single peak is found to have highest correlation with a 

1 0 peak distantly removed from the location where it would otherwise be expected to correlate. 
This situation demonstrates that the human operator must be sensitive to the unique 
circumstances of each standard fragment pattern to determine the optimum number of data 
points per window. 

One method wherein windows with fewer data points can be employed is to limit the 
1 5 amount of the standard fragment pattern against which the window is correlated. Again, such 
a limitation would be empirically determined as in the other data filters employed. It is found 
experimentally that correlation of a sample window with that region of the standard fragment 
pattern that falls approximately at the same number of data points from the start of signal, and 
includes twice as many data points as the sample window, is sufficient to obtain correlations 
20 which are not often spurious. 

An alternative approach to the determination of nomialization coefficients which is 
applicable whether the experimental fragment pattern is considered in one or several segments 
makes use of an adaptive computational method known as a "Genetic Algorithm." See Holland, 
J.. Adaptation in natural and Artificial Systems, The University of Michigan Press (1975). 
25 Genetic Algorithms (GAs) are particularly good at solving optimization problems where 
traditional methods may fell In the context of normalization of nucleic acid fragment patterns. 
GAs are particularly suited to use in experimental conditions where variations in velocity may 
exceed 5%. 



30 



The conceptual basis of GAs is Darwinian "survival of the fittest." In nature, 
individuals compete for resources (e.g.. food, shelter, mates, etc.). Those individuals which 
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are most highly adapted for their environment tend to produce more offspring. GAs attempt 
to mimic this process by "evolving" solutions to problems. 

GAs operate on a "population" of individuals, each of which is a possible solution to 
a given problem. Each individual in the starting population is assigned a unique binaiy string 
which can be considered to represent that individual's "genotype." The decimal equivalent of 
this binary genotype is referred to as the "phenotype." A fitness function operating on the 
phenotype reflects how well a particular individual solves the problem. 

Once the fitness of every individual in the starting population has been determined, a 
new generation is created through reproduction. Individuals arc selected for reproduction 
from the starting population based on their fitness. The higher an individual solution's fitness, 
the greater the probability of it contributing one or more offspring to the next generation. 
During reproduction, the number of individuals in a population is kept constant through all 
generations. "Reproduction" results from combining the genotypes of the individuals from the 
prior generation with the highest fitness. Thus, as shown in Fig. 6, in a population of four 
individuals, portions of the genotype of the two individuals with the highest fitness are 
exchanged at a randomly selected cross-over point to yield a new generation of off-spring. 

A fiirther aspect of the Genetic Algorithm approach is the random use of "mutations" 
to introduce diversity into the population. Mutations arc performed by flipping a single 
randomly selected bit an individual's genotype. 

Arriving at a solution to a problem using GAs involves the repeated steps of fitness 
evaluation, reproduction (through cross-over), and possibly mutation. Each step is simply 
repeated in turn until a the population converges within predetermined limits upon a single 
solution to the given problem. A pseudo-code implementation of this process is shown in 
Table 1. 

It will be appreciated by persons skilled in the art that the task of aligning fragment 
patterns needs to take into account a great many experimental variations, including variations 
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Table 1: Genetic Algorithm in Pseudo-code 



BEGIN 
generate initial population 
compute the fitness of each individual 
WHILE NOT finished DO 
FOR (populationjrize / 2) DO 
select two individuals from old generation for mating 
recombine the two individuals to create two offspring 
randomly mutate offspring 
insert offspring into new generation 
END 

IF population has converged THEN 

finished := TRUE 
END 
END 



Beasley et al.. "An Overview of Genetic Algorithms: Part I. Fundamentals", University 
Computing 1 5(2): 58-69 ( 1 993). 



in sample preparation chemistry, sample loading; gel material; gel thickness; electric field 
density, clamping/securing of gel in instrument; detection rate and other aspects of the 
electrophoresis process. We have found experimentally that applying a second-order 
polynomial 



f(x) = c + bx + ax 2 



where c reflects the linear shift, b reflects the stretch or shrink, and a reflects the rate at which 
this stretch or shrink occurs to a clean fragment pattern provides good normalization of the 
clean fragment pattern with a standard fragment pattern for experimental data having variations 
in velocity of up to 45%. Using GAs, the coefficients a, b, and c can be readily optimized. 

A suitable approach to this optimization uses a binary string as the genotype for each 
individual which is divided into three sections representing the three coefficients as shown in 
Fig. 7. The size of each section is dependent on the range of possible values of each coefficient 



WO 97/02488 



16 



FST/OS96/11130 



and the resolution desired. The phenotype of the individual is determined by decoding each 
section to the corresponding decimal value. 

As shown in Fig. 7, a binary string for use in solving the problem presented by this 
invention may contain 32 bits of which 8 bits specify the offset coefficient c, 1 3 bits specify the 
relative velocity b, and 1 1 bits specify the relative acceleration a. The objective function used 
to measure the fitness of an individual is the intersection of the standard fragment pattern and 
an experimental fragment pattern produced by applying the second-order polynomial to the 
experimental fragment pattern. The intersection is defined by the equation 

n 

Mv)=Y, min(jr ( ,r.) 
»=0 

where x is the experimental fragment pattern, y is the standard fragment pattern and n is the 
number of data points. The intersection will be greatest when the two sequences are perfectly 
aligned. 

Calculating the fitness of each individual is a three step process. First the individual's 
genotype is decoded producing the values (phenotypes) for the three coefficients. Second, the 
coefficients arc plugged into the second-order polynomial and the polynomial is used to modify 
the clean fragment pattern. Third, the intersection of the modified fragment pattern and the 
standard pattern is calculated. The intersection value is then assigned to the individual as its 
fitness value. About 20 generations are needed to align the two sequences using a population 
of 50 individuals with a mutation probability of 0.00 1 (i.e. 1 out of every 1 000 bits mutated 
after crossover). Using conventional computer equipment this can be accomplished in 
approximately 8 seconds. This time period is sufficiently short that all calculations can be run 
for a standardized period of time, rather than to a selected degree of convergence. This 
substantial simplifies experimental design. 

Occasionally, the second-order polynomial will be unable to normalize the two 
sequences. This is due to variations in the velocity of the experimental fragment pattern which 
are greater than second-order. This is easily handled by using a higher order polynomial, for 
example a third- or fourth-order polynomial, and a larger binary genotype to include the extra 
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coefficients; or by amply dividing the experimental fragment pattern into segments or windows 
such that each segment's variations are at most second-order. 

Once normalized fragment patterns have been obtained, they may be used in various 
ways including base-calling and mutation detection. For purposes of determining the complete 
5 sequence of all four bases in the sample polymer, this will generally involve the superposition 
of the normalized fragment patterns for each of the four bases. This can be done by 
designating a starting point or other "alignment point" in each fragment, and aligning those 
points to position the aligned fragment patterns. Alternatively, the fragments can be aligned 
using a reference peak as disclosed in US Patent Application Serial No. 08/452,719 filed May 

10 30, 1995, which is incorporated herein by reference. 

Fig. 8 illustrates the exercise of base-calling of aligned data, as obtained from a 
Pharmacia A.L.F. Sequencer and processed using HELIOS (tm) software. Such base-calling 
may be by any method known in the prior art, using aligned fragment patterns for each of the 
four bases to provide a complete sequence. 

1 5 Generally in base-calling, there are two steps, peak detection and sequence correlation. 

The minimum value used in peak detection varies with each sequence and must be set on a per- 
ron basis. The well-known Fast Fourier Transform version of correlation is used to speed its 
calculation. 

Once the peak maxima are identified and located in time, potential ambiguities are 
20 identified. Absent any potential ambiguities, a sequential record of the nucleotide represented 
by each sequential peak concludes the base-calling exercise. In the diagnostic environment to 
which the present application applied, however, the nucleotide sequence record can be utilized 
to detect specific mutations. This can be accomplished in a variety of ways, including amino 
acid translation, identification of untranslated signal sequences such as start codons, stop 
25 codons or splice site junctions. A preferred method involves determining correlations of the 
normalized fragment patterns against a standard to obtain specific diagnostic information about 
the presence of mutations. 

To perform this correlation, a region around each identified peak in the standard 
fragment pattern is correlated with the corresponding region in the normalized fragment 
30 pattern. After normalization, the correlation will be low in locations where the two sequences 
differ, i.c, where there us a nucleotide variation because of the hieh decree nf »iionm*nt ma 
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nonnalization makes possible. However, correlation of a region extending approximately 20 
data points on either side of a peak is desirable to compensate for small discrepancies which 
may remain. The correlation process is then repeated for each peak in the normalized fragment 
pattern. Instances of low correlation for any peak are indicative of a mutation. 
5 The correlation of the peaks of the normalized fragment pattern with the standard 

fragment pattern can be performed in several ways. One approach is to determine a standard 
correlation, using the equation for correlation shown above. When two discrete functions are 
correlated in this manner, a single number is obtained. This number ranges in value from zero 
to some arbitrarily large number the value of which depends upon the two functions being 
1 0 correlated, but which is not predictable a priori. This can create a problem in setting threshold 
levels defining high versus low correlation. It is therefore preferable to use a measure of 
correlation which has defined limits to the range of possible values. 

One such measure of correlation is called the "coefficient of correlation" which can be 
calculated using the formula 

n 

^ =tL -r f — : 



15 where fc, is the standard deviation of function f, and g^ is the standard deviation of function 
g. In this case, the output is normalized to a value of between -1 and 1, inclusively. A value 
of I indicates total correlation, and a value of -1 indicates complete non-correlation. Using 
this method, a gradient of correlation is supplied, and values which are above a pre-defined 
threshold, i.e., 0.8, could be flagged as suspect. 

20 An alternative to determining the coefficient of correlation is to use the function 



Axy)= 



n n 

/=i . »=i 
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where x and y are the data points of the two fragment patterns being compared. This equation 
provides only a rough correlation value, but relies on little computation to do so. Given the 
large values frequently encountered, the error in this equation may be acceptable. 

To return to the advantages of the invention, it is also noted that use of the standard 

5 fragment pattern allows the resolution of nucleotide sequence where ambiguities occur, such 
as compressions and loss of single nucleotide resolution. TTjus, the present invention permits 
automated analysis of many of the ambiguities which are simply rejected as uninterpretable 
using by known sequencing techniques and equipment. 

It is found experimentally that it is not always necessary to obtain precise signal 

1 0 maxima for each nucleotide in order to determine the presence or absence of mutation in the 
patient sample. Localized areas which fail to clearly resolve into peaks under high speed 
electrophoresis can still cany enough wave form information to allow accurate interpretation 
of the presence or absence of mutation in the patient sample when the sample fragment pattern 
has been normalized in accordance with the invention. 

1 5 "Compressions" are localized areas of fragment pattern anomalies wherein a series of 

bands in aligned data are not separated to the same degree as other nearby bands. Com- 
pressions are thought to result from short hairpin hybridizations at one end of the nucleic acid 
molecule which tend to cause a molecule to travel faster through an electrophoresis gel than 
would be expected on the basis of size. The resulting appearance in the fragment pattern is 

20 illustrated in Fig. 9. These con^ressions may consist of overlapping peaks within one lane that 
give one large peak, or, they may be peaks from different lanes that overlap when combined 
together in the alignment process. 

Normally, a base-calling method is not able to determine the number or order of the 
bases in the compression, because it is unable to distinguish the correct ordering of bands. 

25 Examination reveals a peak (Peak A) which is clearly wider than a singleton peak (Peaks B and 
C) but is otherwise indefinable. The method and system of the instant invention, however, 
assigns the correct order and the correct number of nucleotides based on what is known about 
the standard fragment pattern. 

As stated hereinabove, the standard fragment pattern includes regions of compressions 

30 that are typical of a given nucleotide sequence. A compression can be characterized by the 
following features (Fig. 9): 
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Peak Height (Ph) 

Peak Width at half Ph(Pw) 
Peak Area (Pa, not shown) 
5 Centering of Ph on Pw (Cnt, not shown) 

A compression is characterized in the trial runs by these features, and the ratios 
between the features. An average and standard deviation is calculated for each ratio. The 
more precise and controlled the trial runs have been, the lower the standard deviation will be. 

1 0 The inciasiveness of the standard deviation must be broad enough to encompass the degree of 
accuracy sought in base-calling. A standard deviation which includes only 90% of samples, 
will permit miscalling in 10% of samples, a number which may or may not be too high to be 
usefully employed. Once ascertained, the compression statistics arc recorded in association 
with the ambiguous peak. These statistics are associated with each compression and herein 

1 5 called a "standard compression." 

Each standard compression can be assigned a nucleotide base sequence upon careful 
investigation. Researchers resolve compressions by numerous techniques, which though more 
cumbersome or less useful, serve to reveal the actual underlying nucleotide sequence. These 
techniques include: sequencing from primers nearer to the compression, sequencing the 

20 opposite strand of DNA electrophoresis in more highly denaturing conditions, etc. Once the 
actual base sequence is determined, it can be assigned as a group to the compression, thus 
relieving the researcher from further time consuming exercises to resolve it. 

Regions of the normalized fragment patterns which do not show discrete peaks for 
base-calling are tested for the existence of known compressions. If no compression is known 

25 for the region, the area is flagged for the human operator to examine as a possible new 
mutation. 

On the other hand, if the locus of the peak indicates that it lies in a region of known 
compression, the ratios of the peak are determined as above. If the peak fells within the 
standard deviation of all the ratios determined from the trial inns, it is then assigned the 
30 sequence of the standard compression. Figs. 9A and 9B identify the actual nucleotides assigned 
to a standard compression. 
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Where, however, the ratios determined for the compression fall outside of the standard 
deviation, there lies the possibility of mutation. In this case, the ratios of the compression are 
compared to all known and previously observed mutations in die standard compression. If the 
compression falls within any of the previously identified mutations in the region, it may be 
identified as corresponding to such a mutation. If the ratios fall outside of any known 
standard, the area is flagged for examination by the human operator as an example of a possible 
new and hitherto unobserved mutation. 

A further application of the present invention is for base-calling beyond the limits of 
single nucleotide resolution. In this case, the standard fragment pattern will define a region 
1 0 where single nucleotide resolution is not observed. In cases of poor sequencing conditions and 
a weakly resolving apparatus, resolution may fail around 200 nts. In excellent conditions, 
some apparatus are known to produce read-lengths of over 700 nts. In either case, there is a 
point which single nucleotide resolution is lost and base-calling cannot be performed 
accurately. 

15 The instant invention relies on normalization using a standard fragment pattern to 

resolve the ambiguous wave forms beyond the limit of single nucleotide resolution. The 
method is essentially the same as a scries of compression analyses as described hereinabove. 
The wave forms beyond the limit of resolution in the standard fragment pattern arc measured 
and ratios between all features are calculated, to create an extended series of standard peaks. 

20 Normalized fragment patterns, prepared as described hereinabove, may be sequentially 
analyzed for consistency with the expected ratios of each peak-like feature. Any wave form 
which does not fell within the parameters of the standard peaks is classified as anomalous and 
flagged for further investigation. 

As noted above, in some applications of the invention it is not necessary to perform 
25 base-calling for all four nucleotidc-specific channels in order to detect mutations. According 
to the instant invention, it is possible to compare any base specific experimental fragment 
pattern, for example the T lane of the patient sample, to the base specific standard fragment 
pattern for that T lane. The features of the standard fragment pattern can be used to identify 
differences within the test lane of the sample and thus provide information about the sample. 
30 This aspect of the invention follows the normalization step described hereinabove. The 

degree of correlation of a window at the preferred normalization is plotted against the shifted 
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origin data point of the window, effectively describing a cross-correlogram. Fig. 1 0 shows the 
maximum and minimum correlation values obtained across the entire length of the standard 
fragment pattern, as determined from a plurality of trial runs. A standard deviation can be 
determined after a sufficient number of trial runs. Data from a test sample is also plotted. As 
illustrated, one window is found to deviate substantially from its expected degree of 
congelation. The failure to correlate as expected suggests that the window contains a mutation 
or other difference from the standard. The system of the invention would cause such a window 
to be flagged for closer examination by the human operator. Alternatively, the window could 
be reported directly to the patient file for use in diagnosis. In a Anther alternative, the window 
would not be reported to the human operator, until base-calling had farther confirmed that 
there was a mutation present in the area represented by the window. 

In general the cross correlogram mutation detection is a method of "single lane base- 
calling" wherein the signal from a single nucleotide run is used to identify the presence or 
absence of differences from the standard fragment pattern. A useful embodiment of this aspect 
of the invention is for identification of infectious diseases in patient samples. Many groups of 
diagnosticaliy-significant bacteria, viruses, fungi and the like all contain regions of DNA which 
are unique to an individual species, but which are nevertheless amplifiablc using a single set of 
amplification primers due to commonality of genetic code within related species. Diagnostic 
tests for such organisms may not quickly distinguish between species within such groups. 
Using the method of the invention, however, it is possible to quickly classify a sample as 
belonging to one species' within a group on the basis of the standard fragment patterns for one 
selected type of nucleotide. This eliminates the need to base-call four lanes of nucleotides and 
effectively allows a DNA sequencing apparatus to run four times as many samples in the same 
time period as before. 

Thus, in accordance with the present invention, there is provided a method for 
classifying a sample of a nucleic acid as a particular species within a group of commonly- 
amplifiable nucleic acid polymers. The method utilizes at least one sample fragment pattern 
representing the positions of a selected type of nucleic acid base within the sample nucleic acid 
polymer. For each commonly-amplifiable species within the group, a set of one or more 
normalization coefficients is determined for the sample fragment pattern. These sets of 
normalization coefficients are then applied to the sample fragment pattern to obtain a plurality 
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of trial fragment patterns, which are correlated with the corresponding standard fragment 
patterns. The sample is classified as belonging to the species for which the trial fragment 
pattern has the highest correlation with its corresponding standard fragment pattern, provided 
that the correlation is over a pre-defined threshold. 
5 This aspect of the invention is useful in identifying which allele of a group of alleles is 

present in a gene. The method is also useful in identifying individual species from among a 
group of genetic variants of a disease-causing microorganism, and in particular genetic variants 
of human immunodeficiency virus. 

A further variation of the invention which may be useful in certain conditions is the 
1 0 reduction of the experimental and standard fragment patterns into square wave data. Square 
wave data is useful when the signal obtained is highly reproducible from run to run. The main 
advantage of a square wave data format is that it includes a maximum of information content 
and a minimum of noise. 

The standard fragment pattern may be reduced to a square wave by a number of means. 
1 5 In one method, the transition from zero to one occurs at the inflection point on each slope of 

a peak. The inflection points are found by using the zero crossings of a function that is the 

convolution of the data function with a function that is the second derivative of a gaussian 

pulse that is about one half the width of single base pair pulse in the original data sequence. 

This derives inflection points with relatively little addition of noise due to the differentiation 
20 process. Any data point value greater than the inflection point on that slope of the peak is 

assigned 1 . Any value below the inflection point is assigned 0. 

The peaks on the square wave are identified and assigned nucleotide sequences. Peaks 

may be assigned one or more nucleotides as determined by the human operator on the basis 

of the standard fragment pattern. Peaks are then given identifying characteristics such as a 
25 sequential peak number, a standard peak width, a standard gap width on either side of the peak 

and standard deviations with these characteristics. 

When a sample fragment pattern is obtained, it is reduced to a square wave format, 

again on the basis of the inflection point data as described above. Peak numbers are assigned. 

The sample square wave may then be used in different ways to identify mutations. In one 
30 method, it may be used to align the four different nucleotide data streams as in the method of 

the invention described hereinabove. Alternatively, analysis may be purely statistical. The 
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peak width and gap width of sample can be directly compared to the standard square wave. 
If the sample characteristics Ml within the standard deviation of the standard, taking into 
account permissible elasticity of the peaks, then the sample is concluded to be the same as the 
standard. If the peaks of the sample can not be fit within the terms of the standard, then the 
5 presence of a mutation is concluded and reported. 

The present invention is advantageously implemented using any multipurpose computer 
including those generally referred to as personal computers and mini-computers, programmed 
to determine normalization coefficients by comparison of an experimental and a standard 
fragment pattern. As shown schematically in Fig. 1 1 , such a computer will include at least one 

10 central processor 1 10, for example an Intel 80386. 80486 or Pentium® processor or Motorola 
68030, Motorola 68040 or Power PC 601, a storage device, such as a hard disk 1 1 1, for 
storing standard fragment patterns, means for receiving raw or clean experimental fragment 
patterns such as wire 1 12 shown connected to the output of an electrophoresis apparatus 1 13. 
The processor 110 is programmed to perform the comparison of the experimental 

1 5 fragment pattern and the standard fragment pattern and to determine normalization coefficients 
based on the comparison. This programming may be permanent, as in the case where the 
processor is a dedicated EEPROM, or it may be transient in which case the programming 
instructions are loaded from the storage device or from a floppy diskette or other transportable 
media. 

20 The noimalization coefficients may be output from computer, in print form using 

printer 1 14; on a video display 1 15; or via a communications link 1 16 to another processor 
117. Alternatively or additionally, the normalization coefficients may be utilized by the 
processor 1 1 0 to normalize the experimental fragment pattern for use in base-calling or other 
diagnostic evaluation. Thus, the apparatus may also include programming for applying the 

25 normalization coefficients to the experimental fragment pattern to obtain a normalized 
fragment pattern, and for aligning the normalized fragments patterns and evaluating the nucleic 
acid sequence of the sample therefrom. 
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CLAIMS 



I 1. 



2 



2 



A method for determining the sequence of bases in a sample nucleic acid 



polymer putatively having a known sequence comprising the steps of: 



3 (a) obtaining at least one raw fragment pattern representing the positions 

4 of one selected type of nucleic acid base within the sample nucleic acid polymer as a function 

5 of migration time or distance; 

6 0») conditioning the raw fragment pattern to obtain a clean fragment 

7 pattern; 

8 (°) determining one or more normalization coefficients for the clean 

9 fragment pattern, said normalization coefficients being selected to provide a high degree of 

10 overlap between a noimalized fragment pattern obtained by applying the normalization 

1 1 coefficients to the clean fragment pattern and a standard fragment pattern representing the 

1 2 positions of the selected type of nucleic acid base in a standard nucleic acid polymer actually 

1 3 having the known sequence; 

14 ( d > appiying Ae normalization coefficients to the clean fragment pattern to 

1 5 obtai n the normalized fragment pattern ; and 

1 6 < e ) evaluating the normalized fragment pattern to determine positions of 

1 7 at least the selected type of base within the sample nucleic acid polymer. 

1 2. A method according to claim I . wherein the normalization coefficients 

2 arc coefficients of a second- or higher-order polynomial. 



1 3. 



A method according to claim I or 2, wherein the normalization 



coefficients are determined using Genetic Algorithms. 



1 4. A method according to any of claims 1 - 3, wherein the clean data 

2 fragment is divided into a plurality of windows, and wherein separate normalization coefficients 

3 are determined for each window. 
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1 5. A method according to claim 4, wherein each window contains 1 00- 1 0,000 

2 data points. 

1 6. A method according to any of claims 1 - 5, wherein the clean data 

2 fragment is obtained using a feed-back loop to obtain a preferred band-pass filter. 

1 7. A method according to any of claims 1 - 6, wherein the base-calling step 

2 resolves a non-singleton peak in the normalized fragment pattern by statistical comparison of 

3 measurements of the non-singleton peak with standard values associated with a corresponding 

4 peak in the standard fragment pattern. 

1 8. A method according to any of claims 1 - 6, wherein the clean fragment 

2 pattern and standard fragment pattern are reduced to square waves. 

1 9. A method according to any of claims 1 - 8, wherein four raw fragment 

2 patterns are obtained, one for each nucleic acid base, and four normalized patterns are 

3 produced, further comprising the step of aligning the four normalized fragment patterns and 

4 then evaluating the aligned nonnalized fragment patterns by base-calling to determine the 

5 positions of all base types in the sample nucleic acid polymer. 

1 10. A method according to any of claims 1 - 8, wherein only one raw 

2 fragment pattern is obtained, and the positions of only the selected type of base within the 

3 sample nucleic acid polymer are determined. 

1 1 1 . A method according to claim 1 0, wherein the position of the selected 

2 type of base within the sample nucleic add polymer arc determined by comparing the 

3 normalized fragment pattern to the standard fragment pattern and noting the presence or 

4 absence of each peak. 



12. A method for evaluating the sequence of a nucleic acid polymer 
putatively having a known sequence wherein oligonucleotide fragments reflecting the position 
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3 of nucleic acid bases within the nucleic acid polymer are separated in space or time and then 

4 detected as a fragment pattern which is evaluated to determine the sequence of the nucleic acid 

5 polymer, characterized by the steps of: 

6 (a) determining one or more normalization coefficients for the fragment 
pattern, said normalization coefficients being selected to provide a high degree of overlap 

8 between a normalized fragment pattern obtained by applying the normalization coefficients to 

9 the fragment pattern and a standard fragment pattern representing the positions of the selected 

10 nucleic acid base in a standard nucleic acid polymer actually having the known sequence; and 

1 1 0>) applying the normalization coefficients to the fragment pattern prior to 

1 2 evaluation of the fragment pattern to determine the sequence of the nucleic acid polymer. 

1 1 3. A method according to claim 1 2, wherein the normalization coefficients 

2 are coefficients of a second- or higher-order polynomial . 



1 14. 



2 



2 



1 

2 



7 



A method according to any of claims 12 or 13, wherein the 



normalization coefficients are determined using Genetic Algorithms. 



1 15. 



A method according to any of claims 12-14, wherein the fragment 
pattern is divided into a plurality of windows, and wherein separate normalization coefficients 



3 are determined for each window. 



16. A method for detecting mutations in a sample nucleic acid polymer 
having a putatively normal genetic sequence comprising the steps of: 

3 (a) obtaining at least one sample fragment pattern presenting the positions 

4 of a selected nucleic acid base within the sample nucleic acid polymer; 

5 (b) determining one or more normalization coefficients for the sample 

6 fragment pattern, said normalization coefficients being selected to provide a high degree of 
overlap between a normalized fragment pattern obtained by applying the normalization 

8 coefficients to the sample fragment pattern and a standard fragment pattern representing the 

9 positions of the selected nucleic acid base in a standard nucleic acid polymer actually having 

1 0 the known sequence; 
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1 1 ( c ) applying the normalization coefficients to the sample fragment pattern 

1 2 to obtain the normalized fragment pattern; 

13 (d) dividing the normalized fragment pattern into a plurality of windows; 

14 and 

1 5 ( e > determining the correlation between each window and the standard 

16 fragment pattern; wherein a difference between the correlation for any window and prc- 

1 7 determined standard correlation values reflects the presence of a mutation within that window. 

1 1 7. A method according to claim 1 6. wherein the normalization coefficients 

2 are coefficients of a second- or higher-order polynomial . 

1 18. A method according to claim 16 or 17, wherein the normalization 

2 coefficients are determined using Genetic Algorithms. 

1 19. An apparatus for normalizing an experimental nucleic acid fragment 

2 pattern putatively representing a known nucleic acid sequence comprising: 

3 (a) a computer processor; 

4 (b) a storage device having stored thereon a standard fragment pattern for 

5 a nucleic acid polymer actually having the known sequence; 

6 (c) means for receiving the experimental nucleic acid fragment pattern; and 

7 (d) means for causing the computer processor to determine one or more 

8 normalization coefficients for the experimental fragment pattern, said normalization coefficients 

9 being selected to provide a high degree of overlap between a normalized fragment pattern 

1 0 obtained by applying the normalization coefficients to the experimental fragment pattern and 

1 1 the standard fragment pattern. 

1 20. An apparatus according to claim 1 9, wherein the means for causing the 

2 computer processor to determine one or more normalization coefficients is a program stored 

3 on the storage device. 
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1 2 1 . An apparatus according to claim 1 9 or 20, wherein the normalization 

2 coefficients are coefficients of a second- or higher-order polynomial. 

1 22. An apparatus according to any of claims 19-21, wherein the 

2 normalization coefficients are determined using Genetic Algorithms. 

1 23. An apparatus according to any of claims 1 9 - 22, further comprising 

2 means for applying the normalization coefficients to the experimental fragment pattern to 

3 obtain a normalized fragment pattern. 

1 24. An apparatus according to claim 23, further comprising means for 

2 aligning the normalized fragments patterns and evaluating the nucleic acid sequence of the 

3 experimental fragment pattern therefrom. 

1 25. An apparatus according to claim any of claims 19-24, ftirthcr 

2 comprising an electrophoresis apparatus, opcratively coupled to the means for receiving an 

3 experimental fragment pattern. 

1 26. An apparatus according to any of claims 1 9 - 25, wherein the means for 

2 causing the computer processor to determine one or more normalization coefficients is a 

3 program stored on the storage device. 

1 27. A method for classifying a sample of a nucleic acid as a particular 

2 species within a group of commonly-amplifiablc nucleic acid polymers, comprising the steps 

3 of: 

4 (a) obtaining at least one sample fragment pattern representing the positions 

5 of a selected nucleic acid base within the sample nucleic acid polymer; 

6 (b) for each commonly-amplifiablc species within the group, dctennining 

7 a set of one or more normalization coefficients for the sample fragment pattern, said 

8 normalization coefficients being selected to provide a high degree of overlap between a 

9 normalized fragment pattern obtained by applying the normalization coefficients to the sample 
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10 fragment pattern and a standard fragment pattern representing the positions of the selected 

1 1 nucleic acid base within a standard nucleic acid polymer actually belonging to one of the 

1 2 commonly amplifiable species; 

13 (c) applying the sets normalization coefficients to the sample fragment 

1 4 pattern to obtain a plurality of trial fragment patterns; and 

1 5 ( d ) correlating the trial fragment patterns with the corresponding standard 

1 6 fragment patterns, wherein the sample is classified as belonging to the species for which the 

1 7 trial fragment pattern has the highest correlation with its corresponding standard fragment 

1 8 pattern, provided that the correlation is over a pre-defined threshold. 

1 28. A method according to claim 27, wherein the group of commonly- 

2 amplifiable nucleic acid polymers comprises a plurality of alleles of a single gene. 

1 29. A method according to claim 27, wherein the group of commonly- 

2 amplifiable nucleic add polymers comprises a plurality a genetic variants of a disease-causing 

3 microorganism. 

1 30. A method according to claim 29, wherein the disease-causing 

2 microorganism is human immunodeficiency virus. 
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